Colorectal cancer (CRC) is one of the leading causes of cancer-associated mortality worldwide. Long non-coding RNAs (lncRNAs) have been revealed to modulate various biological cell processes, and are involved in the initiation and progression of different diseases, including CRC. However, the role of lncRNA bladder cancer-associated transcript 2 (BLACAT2) in CRC has not been defined. The present study aimed to investigate the role of BLACAT2 in CRC. The present study measured the expression levels of BLACAT2 in CRC cells and tissues by reverse-transcription-quantitative polymerase chain reaction, and associations among BLACAT2 expression levels, important clinicopathological parameters and patient survival were statistically evaluated. The functional role of BLACAT2 in metastasis, proliferation and drug resistance was also detected. BLACAT2 was overexpressed in CRC cells and tissues, and high BLACAT2 expression was associated with larger tumor size, and more advanced lymph node (N), metastasis (M) and tumor-NM stages. Additionally, survival analysis demonstrated that patients with high BLACAT2 expression exhibited poor overall survival. Notably, high BLACAT2 expression was identified as an independent risk factor for overall survival. Migration and invasion assays revealed that BLACAT2 promoted migration and invasion, respectively. In addition, overexpression of BLACAT2 increased colony numbers and optical density values of CRC cells in a colony formation assay and an MTT assay, respectively. Furthermore, BLACAT2 levels were significantly increased in 5-fluorouracil-resistant cells, and overexpression of BLACAT2 was markedly associated with a low cell inhibition rate. In conclusion, BLACAT2 overexpression may contribute to the metastasis, proliferation and chemoresistance of CRC cells, and high BLACAT2 expression may be a promising prognostic marker for patients with CRC.
Introduction
Colorectal cancer (CRC) is among the leading malignancies in terms of incidence rate and mortality rate worldwide (1) . Despite the overall 5-year survival rate of patients with CRC increasing from 51 to 65%, ~30% of patients with stage I-III disease develop recurrent disease following initial treatment. In addition, ≤65% of patients with stage IV CRC relapse following curative treatment (2, 3) . For patients with metastatic CRC, there is a need for novel and individualized therapies in the third-line setting and beyond. Despite recent advances in the development of novel targeted therapies, there remains an unmet need to exploit oncogenic drivers of CRC and overcome acquired resistance. In addition, more efficient prognostic markers should be established, which can inform treatment decisions to avoid under-or over-treatment and to guide the intensity of patient follow-up.
Long non-coding RNAs (lncRNAs) belong to a large group of non-coding RNAs, and are generally classified as transcripts that are 200 nt to 100 kb long, which lack the open-reading frame (4) . lncRNA molecules are involved in diverse biological processes, including epigenetic regulation via molecular scaffolding, regulation of mRNA processing, molecular decoying and lncRNA-derived peptides through diverse mechanisms (5, 6) . Notably, lncRNAs with highly specific expression patterns in certain tissues and diseases, including various types of cancer, have gained increasing interest as molecular targets for therapy (7, 8) . Bladder cancer-associated transcript 2 (BLACAT2) is a novel lncRNA that was identified by He et al (9) , who demonstrated that BLACAT2 is markedly upregulated in lymph node metastatic bladder cancer and that BLACAT2 is correlated with lymph node metastasis. Additionally, overexpression of BLACAT2 promotes bladder cancer-associated lymphangiogenesis and lymphatic metastasis in cultured bladder cancer cell lines and mouse models (9) . However, the expression pattern and functional role of BLACAT2 in other types of cancer, including CRC, remain unknown.
The present study aimed to detect the expression of BLACAT2 in CRC cells and tissues. The clinical significance of BLACAT2 in CRC was explored. Additionally, the prognostic value of BLACAT2 was investigated. Functionally, the role of BLACAT2 in migration, invasion, proliferation and chemoresistance of CRC cells was investigated.
Materials and methods
Cell culture and transfection. A human intestinal epithelial cell line (HIEC-6) and CRC cell lines, including LOVO, SW620, HCT15, HCT116, SW480 and DLD1, were purchased from American Type Culture Collection (Manassas, VA, USA). LOVO and HCT15 cells were cultivated in Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA), and SW620, HCT116, SW480 and DLD1 cells were cultured in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.). Media were supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin and cells were cultured at 37˚C with 5% CO 2 . HIEC-6 cells were cultured in OPTIMEM-GlutaMAX (Gibco; Thermo Fisher Scientific, Inc.) supplemented with 5% FBS, 10 mM HEPES (Invitrogen; Thermo Fisher Scientific, Inc.) and 5 ng/ml epidermal growth factor (BD Biosciences, San Jose, CA, USA) at 37˚C with 5% CO 2 . BLACAT2 interference plasmids [pcDNA3.1-short hairpin RNA (sh)BLACAT2#1 and pcDNA3.1-shBLACAT2#2], a BLACAT2 overexpression plasmid (pcDNA3.1-BLACAT2) and control plasmids (pcDNA3.1-shControl and pcDNA3.1-Vector) were synthesized by Shanghai OE Biotech Co., Ltd. (Shanghai, China). Cells at 30-50% confluence were transfected using Lipofectamine ® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) in accordance with the manufacturer's protocols. The mass of plasmids was 0.8 µg. Cells were cultured for 48 h after transfection and harvested to determine transfection efficiency by reverse transcription-quantitative polymerase chain reaction (RT-qPCR), and then subjected to subsequent experimentation.
Clinical specimens. CRC tissues and paired normal colorectal tissues (n=127) were collected between February 2012 and May 2016 at The Affiliated Hospital of North Sichuan Medical College (Nanchong, China). Normal tissues were located ≥2 cm away from the cancer tissues. All patients received surgical resection without neoadjuvant therapies. Patient characteristics are presented in Table I . Tumor-Node-Metastasis (TNM) staging was performed according to the American Joint Committee on Cancer guidelines (10) . Tissue specimens were immediately snap-frozen and stored in liquid nitrogen until RNA extraction. Written informed consent was obtained from all patients. The present study was approved by the Ethics Committee of The Affiliated Hospital of North Sichuan Medical College. Follow-up was carried out regularly at the outpatient clinic. The end of the follow-up period was December 2017.
RT-qPCR assay. Total RNA from CRC cells and tissues was isolated using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA (1 µg) was used as a template for cDNA synthesis using a PrimeScript RT Reagent kit with gDNA Eraser (Takara Biotechnology Co., Ltd., Dalian, China). The temperature protocol for RT was as follows: 25˚C for 5 min, followed by 42˚C for 60 min and 70˚C for 5 min. qPCR was performed using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd.). Briefly, qPCR was performed under the following conditions: 95˚C for 5 min, followed by 40 cycles of denaturation at 95˚C for 30 sec, annealing at 60˚C for 1 min and extension at 70˚C for 1 min. All RT-qPCR assays were performed on an ABI 7900 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). GAPDH was utilized as an internal control. The primer sequences used were as follows: BLACAT2, forward 5'-GAG AGG GAT CCA CTC ATC CA-3', reverse 5'-GGA AAC AAA GGC AGA GCT T-3'; and GAPDH, forward 5'-CAC CCA CTC CTC CAC CTT TG-3' and reverse 5'-CCA CCA CCC TGT TGC TGT AG-3'. The 2 -ΔΔCq method was used to calculate the relative expression levels of BLACAT2 (11) . Each experiment for the detection of mRNA expression levels in cells was repeated three times independently with triplicates.
Transwell migration and invasion assays. CRC cells (DLD1 and SW620) with BLACAT2 knockdown or overexpression and corresponding control cells were subjected to Transwell migration and invasion assays, to evaluate the effect of BLACAT2 on modulating migratory and invasive abilities. Briefly, cells (3x10 4 ) were suspended in serum-free RPMI-1640 medium (200 µl) and seeded in the upper Transwell chamber (8 µm pore size; BD Biosciences, San Jose, CA, USA) with (for invasion assay) or without (for migration assay) Matrigel (BD Biosciences) precoating. Medium containing 20% FBS (700 µl) was added to the lower chamber to serve as a chemoattractant. Subsequently, the cells were incubated for 36 h at 37˚C. The cells in the upper chamber were then removed, and the migratory or invasive cells in the lower chamber were fixed with methanol for 20 min at room temperature, stained with 0.1% crystal violet solution for 20 min at room temperature and images were captured using a light microscope. Cells in five random fields were counted and the average number of migratory/invasive cells was utilized for comparison. Each experiment was repeated three times independently with triplicates.
Colony formation assay. Following transfection, CRC cells (500 cells/well) were seeded in 6-well plates and incubated for 10 days. Subsequently, colonies were fixed with methanol for 15 min and stained with 0.1% crystal violet for 15 min at room temperature. Colonies with diameters >1 mm were counted under a light microscope (Olympus Corporation, Tokyo, Japan). Each experiment was repeated three times independently with triplicates.
MTT assay. An MTT assay was used for cell proliferation and cell inhibition rate analysis. CRC cells (3,000 cells/well) were plated in 96-well plates and transfection was performed. Subsequently, MTT (20 µl; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) was added to each well at different time points (0, 24, 48, 72 and 96 h) and plates were incubated for an additional 4 h in a humidified incubator at 37˚C. Dimethyl sulfoxide (100 µl/well) was added to each well to dissolve the formazan crystals followed by agitation of the plates for 10 min at room temperature. Optical density was measured at 492 nm using a microplate spectrophotometer (BioTek Instruments, Inc., Winooski, VT, USA). The cell inhibition rates were generated based on the cell viability following culturing of cells for 72 h with different concentrations (0, 10, 20, 30, 40 and 50 µg/ml) of 5-FU. Each experiment was repeated three times independently with triplicates.
Establishment of 5-fluorouracil (5-FU)-resistant cell lines.
DLD1 and SW620 CRC cells at a confluence of 70% were treated with 5-FU (5 µg/ml; Abcam, Cambridge, MA, USA) at room temperature. The surviving cells were cultured until they reached 80% confluence and were passaged twice. Sequentially increasing concentrations of 5-FU (5 µg/ml) were used to select 5-FU-resistant cells, and the concentration was finally maintained at 30 µg/ml for 2 months. 5-FU-resistant cells were used to evaluate the expression levels of BLACAT2 by RT-qPCR.
Statistical analysis. Data are expressed as the means ± standard deviation and were analyzed using SPSS v19.0 software (IBM Corp., Armonk, NY, USA). Each experiment was performed in triplicate. A χ 2 test was used to explore the associations between classified variables. The differences between two independent groups were analyzed with a Student's t-test. One-way analysis of variance followed by a least significance difference post hoc test was used to examine differences among three or more Table I . Association between BLACAT2 expression and clinicopathological characteristics of patients with colorectal cancer. groups. To determine the cut-off value for distinguishing the specimens with high or low BLACAT2 expression, a receiver operating characteristic (ROC) curve was used. The point on the curve with the shortest distance to the coordinate (0,1) was selected as the threshold value to classify cases as high or low expression. The Kaplan-Meier method was used to depict the overall survival (OS) curves, and the difference between the two groups was examined using the log-rank test. Univariate and multivariate analyses were conducted to analyze the risk factors for poor prognosis. P<0.05 was considered to indicate a statistically significant difference.
Results
Overexpression of BLACAT2 is associated with CRC clinical progression. Measurement of BLACAT2 expression in CRC cells by RT-qPCR revealed that BLACAT2 was markedly upregulated in six CRC cell lines compared with in HIEC cells (Fig. 1A) . Furthermore, expression of BLACAT2 was detected by RT-qPCR in 127 CRC tissues and paired normal tissues (Fig. 1B) . As shown in Fig. 1C , CRC tissues exhibited higher BLACAT2 expression than paired normal tissues.
In addition, BLACAT2 expression levels were statistically compared in CRC tissues of different clinical stages, and the results confirmed that CRC tissues of node (N)1/2 stage, metastasis (M)1 stage and TNM III/IV stage exhibited higher BLACAT2 expression than CRC tissues of N0 stage (Fig. 1D ), M0 stage ( Fig. 1E ) and TNM I/II stage (Fig. 1F) , respectively. These results demonstrated that BLACAT2 was overexpressed in CRC and may be associated with CRC clinical progression.
High BLACAT2 expression predicts poor OS in patients with CRC. To further verify the clinical significance of BLACAT2 in CRC, the 127 patients with CRC were divided into two groups: A low BLACAT2 expression group (n=66) and a high BLACAT2 expression group (n=61), based on the cutoff value (3.35) determined by ROC curve analysis ( Fig. 2A) . Subsequently, the associations between the clinicopathological features and BLACAT2 expression were statistically analyzed. The results revealed that high BLACAT2 expression was significantly associated with larger tumor size (P=0.029) and more advanced N stage (P<0.001), M stage (P=0.028) and TNM stage (P<0.001; Table I ). In addition, the association between BLACAT2 expression and the OS rate was analyzed, which demonstrated that patients with high BLACAT2 expression had a poor OS rate compared with patients with low BLACAT2 expression (P<0.001; Fig. 2B ). The risk factors for poor prognosis of CRC were identified by univariate analysis, and it was revealed that advanced N stage (P<0.001), M stage (P<0.001), TNM stage (P<0.001) and high BLACAT2 expression were risk factors for poor CRC prognosis (Table II) . Further analysis of these factors with multivariate analysis identified that high BLACAT2 expression was an independent risk factor for CRC OS (hazard ratio=1.164, 95% confidence interval=1.062-1.277, P=0.001; data not shown). In summary, BLACAT2 may be a promising prognostic marker for CRC.
lncRNA BLACAT2 accelerates the migration and invasion of CRC cells. To better understand the functional role of BLACAT2 in CRC, BLACAT2 was silenced or ectopically overexpressed in DLD1 and SW620 cells ( Fig. 3A and B) , since the expression levels of BLACAT2 in these two cells lines were relatively moderate (Fig. 1A) . In addition, the migratory and invasive abilities of CRC cells overexpressing BLACAT2, or in which BLACAT2 was silenced, were detected by Transwell migration and invasion assays. As expected, the interference of BLACAT2 in DLD1 and SW620 cells notably suppressed migration in the Transwell assay (Fig. 3C) . Accordingly, the migration of DLD1 and SW620 cells with BLACAT2 overexpression was markedly increased (Fig. 3D ). In addition, the invasive ability of DLD1 cells and SW620 cells exhibited a positive association with BLACAT2 levels (Fig. 3E and F) . Overall, BLACAT2 promoted the migration and invasion of CRC cells.
lncRNA BLACAT2 contributes to the proliferation and chemoresistance of CRC cells. The effect of BLACAT2 on CRC cell proliferation was investigated by colony formation and MTT assays. The colony numbers were greatly decreased in DLD1 and SW620 cells with BLACAT2 deficiency (Fig. 4A ), whereas the colony numbers were markedly increased following BLACAT2 overexpression (Fig. 4B ). In accordance with the colony formation assay, the MTT assay also demonstrated the role of BLACAT2 in promoting the proliferation of CRC cells ( Fig. 4C and D) .
Chemoresistance is a primary factor influencing the prognosis of patients with CRC, and the potential role of BLACAT2 in CRC chemoresistance was determined in the present study. First, 5-FU-resistant DLD1 and SW620 cells were established. In addition, the 5-FU-resistant DLD1 and SW620 cells exhibited much higher BLACAT2 expression than the untreated control DLD1 and SW620 cells, respectively. (Fig. 4E) . Additionally, interference of BLACAT2 in DLD1 and SW620 cells significantly increased the cell inhibition rate as the concentration of 5-FU increased when cells were treated with 5-FU for 2 days (Fig. 4F ). By contrast, the cell inhibition rates were reduced in CRC cells overexpressing BLACAT2 when treated with 5-FU for 2 days (Fig. 4G) . These findings suggested that BLACAT2 contributed to the proliferation and chemoresistance of CRC cells.
Discussion
The function of lncRNAs has been extensively investigated in recent years, and lncRNAs are emerging from the 'desert region' of the genome as a novel source of biomarkers to characterize disease recurrence and progression, since a number of lncRNAs have restricted species-specific and cancer-specific expression patterns (12) . The first CRC-associated lncRNA was identified in 1996 when Hibi et al (13) reported that the endogenous H19 imprinted maternally expressed transcript (H19) gene is frequently abundant in CRC specimens, and overexpression of H19 serves an important role in CRC development. A recent study demonstrated that lncRNAs serve pivotal roles in invasion, metastasis, early diagnosis, prognosis, chemoresistance and radioresistance of CRC (14) . Since the 1950s, 5-FU-based chemotherapy has been a fundamental method for the treatment of patients with CRC (15) . However, a previous study revealed that almost half of all patients with metastatic CRC are resistant to 5-FU-based chemotherapy (16) . Therefore, further investigations to reveal the chemoresistant mechanisms in CRC are required. The results of the present study revealed a potential role of BLACAT2 in contributing to chemoresistance of CRC cells. Mechanistically, lncRNAs affect CRC progression by functioning as precursors of microRNAs or competing with endogenous RNAs, interacting with proteins and regulating epigenetic mechanisms (17) . For example, the lncRNA metastasis-associated lung adenocarcinoma transcript 1 can competitively bind to the tumor suppressor splicing factor proline and glutamine rich (SFPQ) gene and release SFPQ from the SFPQ/polypyrimidine tract binding protein 2 complex, thus promoting the growth and migration of CRC cells (18) . The lncRNA colorectal neoplasia differentially expressed may regulate the progression and chemoresistance of CRC by binding microRNA (miRNA)-181a-5p and modulating its expression and subsequently mediating the activity of the Wnt/β-catenin signaling pathway (19) . The lncRNA ubiquitin-like with plant homeodomain and really interesting new gene finger domains 1 protein associated transcript may interact with and stabilize the epigenetic factor ubiquitin like with PHD and ring finger domains 1 by interfering with its β-transducin repeat-containing protein mediated ubiquitination, which promotes the survival and tumorigenicity of CRC cells (20) .
It has been verified that BLACAT2 is upregulated in bladder cancer, is correlated with lymph node metastasis, and induces lymphangiogenesis in vitro and in vivo (9) . In addition, BLACAT2 was demonstrated to epigenetically increase vascular epidermal growth factor C (VEGF-C) expression by directly associating with WD repeat domain 5 (WDR5), a core subunit of the human H3K4 methyltransferase complexes (9) . Therefore, expression of VEGF-C and WDR5 could be further investigated in CRC cells with BLACAT2 overexpression or knockdown to elucidate the possible mechanisms of BLACAT2. In addition, numerous mechanisms have been reported in the field of lncRNA-mediated cancer biology, including influencing chromatin state and methylation, and the stability of proteins and complexes or by acting as a sponge for miRNA inhibition (21) . Epigenetic remodeling is frequently achieved through the interaction of a lncRNA with polycomb repressive complex 2, a protein from the polycomb complex that induces chromatin inactivation by establishing inhibitory H3K427me3 histone signals (22, 23) . Certain lncRNAs recruit DNA methyltransferases directly to modify chromatin conformation, or they modify nucleosome positioning. In addition, numerous lncRNAs exert their oncogenic function through direct interaction with proteins or protein complexes as scaffolds or allosteric activators/inhibitors (24) (25) (26) (27) (28) . Furthermore, some lncRNAs have recently been revealed to act as competing endogenous RNAs by binding miRNAs ('sponging'), and reducing their inhibitory effect on their natural targets (29) (30) (31) . Potential targeting miRNAs could be predicted with bioinformatics methods, and further experiments, such as a dual luciferase assay, are required to verify the potential targets. Information regarding BLACAT2 is limited since it is a novel lncRNA; therefore, further investigations are required to determine its significance.
The present study aimed to define the clinical significance and functional role of BLACAT2 in CRC. Notably, BLACAT2 may function as an oncogene in CRC and may be associated with CRC clinicopathological progression as reported in bladder cancer (9) . To determine the cutoff value of the BLACAT2 expression level, a ROC curve was utilized. Notably, the area under the curve was 0.755, with a P-value <0.001, which suggested that BLACAT2 may be a promising diagnostic marker for CRC. Based on the cutoff value obtained from ROC curve analysis, statistical analysis of clinicopathological features was carried out to compare the high and low BLACAT2 expression groups. Notably, high BLACAT2 expression was associated with larger tumor size (P=0.029), more advanced N stage (P<0.001), M stage (P=0.028), TNM stage (P<0.001) and poor OS (P<0.001), all of which are fundamental factors in evaluating the clinical progression of CRC. Additionally, univariate and multivariate analyses further identified high BLACAT2 expression as an independent survival risk factor for patients with CRC (P=0.001), which suggested a prognostic value of BLACAT2 in patients with CRC. Furthermore, BLACAT2 was demonstrated to promote the proliferation, metastasis and chemoresistance of CRC cells, which further confirmed the pivotal role of BLACAT2 in CRC biology.
In conclusion, the present study verified the oncogenic role of BLACAT2 in CRC. However, the detailed mechanisms by which BLACAT2 promoted CRC progression and chemoresistance require further exploration, and more evidence is required to confirm the results of the present study. The results suggested that BLACAT2 may be a potential prognostic marker and therapeutic target in CRC.
